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ABSTRACT
The

cu~rent

energy crisis has pointed out the need

for alternative, non-depletable sources of power.

Solar

energy would appear to be a likely source of such power for
the state of Florida where the average home receives enough
of this energy to supply all of its heating and cooling
needs during the course of the year.
Energy consumption profiles for Florida reveal that
almost one-quarter of all energy is consumed within the
residential-commercial section for basic heating and cooling.
Additionally, the state is, essentially, totally dependent
on petroleum and natural gas for its energy supply.
Solar energy has been used in many applications for
hundreds of years, but its proliferation has been prevented
by the cheapness and availability of other fuels.

This, in

turn, has hindered the expansion of solar technology.

As a

result, there are economic and sociologic problems to be
overcome.

In an attempt to solve these problems, a compre-

hensive program of basic research is being funded by the
national government.
The early studies made by outside researchers and
the initial reports issued by the government reveal that
solar systems are both economically and technically feasible.
iv

v
.

However, in Florida, the system must be used for both
heating and cooling for i t to be economical.
Florida is an ideal area for the use of solar energy
because of its-climateo

But, a simple calculation of solar

potential shows that it will be at least 40 years before
this energy can make a meaningful impact if restricted to
basic heating and cooling using existing thermal technology.
It is concluded that significant strides in the use of solar
power will occur only when it can be converted to
electricity.
Recommendations are made which could help solve the
energy crisis both locally and nationally. ;
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HOW BIG IS ONE TRILLION BTU?
The fol1owing description was obtained from the
Florida Energy Committee [1],

1

a group which makes reports

and recommendations on energy and energy policy in Florida
to the Governor and the Florida Legislature.
An average UoSo

automobile getting 13.5 miles per

gallon driving across the nation once a week would need
almost 16 years to use one trillion BTU's worth of gasoline
and would travel about 2.5 million miles.
One trillion BTU's of fuel converted into
electricity in Florida's power plants would light a 100watt bulb for 100,000

years ~

T~is

electricity would also

serve the electrical needs of the average Florida household
for 80 centuries o
One trillion BTU's added to Lake Okeechobee would
raise its temperature approximately 38°F.
The energy content in the oil carried by one
25,000-deadweight-ton tanker is approximately one trillion
BTU's.

This size tanker is used in coastal shipping and is

1 Numbers in brackets refer to similarly numbered
references in the bibliography.
viii

typically 600 feet long and draws 32 feet of water.

At $10

per barrel, this cargo is worth $1.7 million.
In 1972, the state of Florida used one trillion
BTU's every 5 -heurs and 15 minutes.

CHAPTER I
INTRODUCTION
The United States has recently experienced an energy
crisis unparalleled in its history.

Brought to the fore-

front by the Arab oil boycott, this turn of events has been
precipitated by the environmental movement and its concern
with the effects of increased pollution resulting from the
continued rise in energy demand.

More petroleum products

and larger refinery capacities were suddenly and unexpectedly
needed as users switched to low-ash, low-sulfur fuels.

In

particular, the demand for distillate oil was much greater
than anticipated as power plants converted to oil from coal,
electric utilities turned to oil-burning gas turbines in
place of nuclear reactors, and automobile mileage decreased
with the addition of new safety and anti-pollution equipment.
The problem • • . has many components. These
include the United States and the world's escalating demand towards those fuels in shortest
supply--petroleum and natural gas; the mismatch
between the location of refining capacity and the
location of demand centers; the economic and
political repercussions of the sudden change in
availability of Middle East petroleum; the
declining domestic production as a fraction of use
in the United States; and the present unavailability of alternative energy sources capable of
bridging the energy gap [1].

1

2

In 1850, the per capita energy consumption of the
United States was approximately half of what it is today [2].
Through the intervening years, as the forests were cut and
the

populatio~

grew, fields of coal, oil, and natural gas

were dis9overed, and the nation gradually switched from wood
to fossil fuels as its primary source of energy.
this growth in energy consumption continues.

Today,

In the United

States, . the demand for electricity is doubling every ten
years, the demand for energy every twenty; Florida's rates
are double these.

In 1972, this country devoured 36 percent

of the world's energy despite having only 6 percent of the
world's population [3].
Worldwide energy consumption patterns reflect those
of the United States; therefore, it is logical to conclude
that eventually fossil fuels will become scarce or exhausted.
The predicted time of such depletion is dependent on many
factors, such as population growth, new technology, future
fossil fuel discoveries, etc.; but, it is apparent that such
a state of affairs must transpire if present energy patterns
endure.

Power cannot continue to be generated from fossil

fuels, fuels which are consumables and are not readily
replenished by nature.

Alternate non-consumable sources of

energy must be developed to preserve these resources.
Solar energy is a non-depletable resource, wh1ch
might readily substitute for fossil fuels in many appl1cations.

Of the many alternative sources of energy

3

currently being studied, such as ocean thermal gradient,
wind energy conversion, and geothermal power, solar energy
would appear to be the most attractive for the state of
Florida.
Two primary methods for the application of
incident solar radiation are under consideration.
The first is "in situ" applications of solar
radiation wherein solar energy is converted
directly to heat and application of that heat is
made at the · site of collection. This type of
application appears to be most likely to offer
an alternative energy resource within the next
few years. Applications such as solar water
heating and solar air-conditioning are examples of
this use. It seems likely that, if an intensive
effort to develop this application is made, then
within five years significant numbers of installations using solar energy could be in operation
in Florida. It should be recognized, however, that
it is unlikely that even within 10 years solar
energy will handle more than a very few percent of
total energy use within the state. This is characteristic, however, of most actions that can be
taken.
The second application of solar energy would
collect. the energy and convert it to a transportable form such as electricity. The secondary
energy would then be marketed. Most experts
believe the technology for practical application of
solar energy in such use is probably two decades
away at the minimum. • • •
o
•
•
The energy supply options available to
Florida over which it can have significant influence,
and which can have effect in the next few years
appear to be quite limited. Among those, the
application of "in situ" solar radiation appears to
be most attractive [1].
Tybout and Lof [4] made a rough estimate wh1ch
assumed that a typical house would have about 1,000 square
feet of floor area and would require about 15,000 BTU's pe

4

degree day (BTU/DD) •

2

This representative house would

experience about 4,000 degree days in a year.
t~rn,

This, in

means that the house would have a heat demand of

15,000 times 4,QOO or 60 million BTU's per year.
average annual

u.s.

The

solar radiation intensity is 1,400 BTU

per square foot per day; therefore, 511 million BTU's
be received.

w~ll

Thus, it is seen that the solar energy

annually falling on the roof of a typical American house is
about 8.5 times as great as the annual space heat demand.
It is sufficient to note that the solar energy resource is,
on the average, abundant enough to encourage a deeper
inquiry into the costs and practicality of its utilization.
Such an inquiry is conducted in this paper.

2The number of degree days is calculated as
product (65-ta>, where ta is atmospheric average da1
temperature on the Fahrenheit scale, times the number of
days ta holds. When ta is above 65°F, it is assumed no
house heating is needed.

CHAPTER II
ENERGY CONSUMPTION PROFILES
In order to be able to assess the potential uses of
solar energy and to be able to define the particular areas
where research should be directed, various relevant energy
profiles for the state of Florida need to be characterized.
TABLE 1
TOTAL ENERGY USE IN FLORIDA
BY SECTOR FOR 19 72
Percent of Total
Energy Use
in Florida

Sector

Transportation

38.6

Residential and Commercial

37.4

Industrial

16.0

Other

8.0

SOURCE: Florida Energy Committee,
EneriY in Florida (Tallahassee: Florida Energy
comm1ttee, 1974), pQ 54.
As shown in Table 1, the transportation

sec~or

accounted for the largest portion of energy consumed · ·

5

6

Florida with 38.6 percent of the total.

Since the energ1es

utilized by this sector take the forms of various types of
fuels, a breakdown of the sector by fuel, as sho\'ln i

1

Table 2, will be_ of some useQ
TABLE 2
FUELS USED FOR TRANSPORTATION
IN FLORIDA IN 1972
Percent of
Sector Use

Percent of
Total Use

Gasoline

74.5

28.8

Jet Fuel

16.8

6 5

Diesel

4.5

1.7

Middle Distillate

2.4

Oo9

Residual Fuel

lrS

0.6

L.P. Gas

0~3

0.1

Type Fuel

SOURCE: Florida Energy Committee,
EnerV¥ in Florida (Tallahassee: Florida Energy
Comm1ttee, 1974), p. 69~
Following closely with 37.4 percent of the tot 1
energy consumed is the residential-commercial sector
Because there is no breakdown of this sector ava1lable fo
the state of Florida, Table 3 presents the same

breakdo,V~n

for the United States under the assumption that the

wo a

fairly similar with the exception of the space heat~ng a d
air-conditioning requirements.

With regard

~o

the

spa~e

~

7

heating and air-conditioning demands, it is felt that
although they are in error for Florida, because they are an
average across the entire United States, the total of the
two is a fairly _good approximation of the sum for the state.
TABLE 3
RESIDENTIAL-COMMERCIAL SECTOR END
USES FOR THE UNITED STATES
Percent of
Sector Use

Percent of
Total Use

Space Heating

53 .. 6

18.0

Water Heating

11.9

4.0

Air Conditioning

7~4

2.5

Refrigeration

6;16

2.2

Asphalt and
Road Oils

4.8

1.6

Cooking

3.6

1~2

Television

1.8

0 6

Food Freezing

1.2

0 4

Clothes Drying

Ov9

0 3

Other

8 2

2 8

End Use

SOURCE: Office of Science and
Technology, Patterns of Ener
Consum tion in the
United States Wash1ngton, D. Ca: Government
Printing Office, 1972), p. 6

8

Note in Table 3 that 24i5 percent of all the energy
consumed in the United States was used for basic heating and
cooling within the residential-commercial sector.
Table lppage 5, shows that the industrial sector
was a relatively small consumer of energy with only 16
percent of the total.

This is because Florida has rela

tively few industries which are energy intensive; the major
manufacturing industry is the frozen citrus-concentrate
business.

The remaining 8 percent of total energy was

utilized by the local and state governments for schools,
street lighting, municipal facilities, and the like.
A breakdown of the consuming sectors by energy

source is presented in Figure 1 [1].

Note that petroleum

products, a conglomeration of gasoline, residual fuel,
middle distillate, jet fuel, and L.Pw gas, represent more
than 74 percent of all the energy consumed.

Petroleum

products also accounted for approximately 86 percent of the
energy derived from the direct use of fuel and almost 59
percent of the energy used to generate electric1ty.
The direct use of fuel refers to the usage of a
resource by the final consumer such as the burning of
gasoline in an automobile.

This is not the case when the

consumer uses electricity generated by oil-fired turbines,
here, the oil is being consumed indirectly

Direct

consumption of petroleum products was distributed wi
percent having been used by the transportation secto ,

79 3

Total Energy Consumption
Fuel Source

Trillion BTU's

Percent

Petroleum Products
N..atural Gas
Coal
Nuclear
Hydroelectric

1240.41
311.66
120.20
0.64

74.11
18.61
7.18
0.04
0.06

56.8'

1~00

43.2'

•

Energy Used for Electrical
Generation ' Transmission
~

Direct Use of Fuels
Fuel Source

Trillion BTU's

Percent

Petro.Prod.
Natural Gas

814.49
135.47

85.74
14.26
.~

Fuel Source

Trillion BTU's

Percent

Petro. Prod.
Natural Gaa
Coal
Nuclear
Bydroelec.

425.88
176.18
120.20
0.64
1.00

58.83
24.33
16.61
0.09
0.14

o. 88\

• 70. 3'

Natural Gas Losses
8.22 Trillion BTU's
0.5, of Total Energy

Waste
509 Trillion BTU's
30.4' of Total Energy

.Residential ' Commercial Uae
Fuel Source
Petroleum · Produ~ta

11.9'

Natural Gas
• Electricity

Trillion B'l'U's

Percent

78.91
32.93
151.93

29.92
12.48
57.60

- 70. 7'

Industrial Use
Trillion . BTU's

Fuel Source
15.5'

Petroleum Products
Natural Gas
Electricity

55.87
89.91
34.72

Percent
30.95
49.81
19.24

16.1'

Transportation Use
Fuel source
68.0'

Petroleum Products

Trillion BTU'a

Percent

646.-24

100.00

Other Uses
4.0\

Fuel Source
Petroleum Products
Natural Gas
Electricity

Trillion BTU's
33.47
4.41
28.29

Percent

-

o.o,

13.2'

50.57
6.67
42.76

Fig. 1. Flow diagram of energy consumption
in Florida in 1972.

10

9.7 percent by the residential-commercial sector, and 6 9
percent by the industrial sector.
Energy consumption, as a function of fuel source, is
shown in

Table _ 4~

TABLE 4
ENERGY CONSUMED IN FLORIDA IN 1972
AS A FUNCTION OF FUEL TYPE
Fuel Source

Percent

Gasoline

29.61

Residual Fuel

28.55

Natural Gas

18.61

Middle Distillate

7 59

Coal

7.18

Jet Fuel

6.47

LaP. Gas

1.89

Hydroelectric

0 06

Nucleax-

0.04

SOURCE: Florida Energy Committee,
Energy in Florida (Tallahassee: Florida
Energy Committee, 1974), p. 42.
1

Further reference to Figure 1 reveals
gas accounted for almost 19 percent of the total energy
consumed in 1972.

Of this, approximately 57 percen

utilized directly and 43 percent was used for th
of electricity.

Of the natural gas used directly,

pr

on

11

70.7 percent was used by the industrial sector, 25.9 percent
by the residential-commercial sector, and 3.4 percent for
other purposes.
Coal acp9unted for 7.2 percent of the total energy
consumed in Florida; however, all of the coal was used to
generate electricity.
Nuclear and hydroelectric sources contributed very
little to the overall amount of energy supplied to the s ate
in 1972.

Only one nuclear plant, located at Turkey

Po~nt,

and one hydroelectric facility, located at Jim Woodruff Dam
on Lake Seminole, were in operation.
Figure 1, page 9, shows that each of the energy
consuming sectors, with the exception of the transpor ation
sector, used large amounts of electrical energy.

In fact,

43.2 percent of all the energy consumed in Florida was used
to generate electricity; and, 70.7 percent of all the
electricity consumed was used by the residential-commercial
sector with 26.3 percent going to the commercial side and
44.4 percent going to the residential side [1]
In many instances, electrical generating p an s
which utilize either natural gas or petroleum can
tute one of these fuels for the other

ub

In 1972, be

83 percent of the fuel used to generate electricity was

th n

12
either petroleum or natural gas.

This leads to the

conclusion that both the total energy consumption and the
electrical generating capacity of the state of Florida are
dependent on these two fuels.

CHAPTER III
-. SOLAR ENERGY TECHNOLOGY OVERVIEW

As far back as 212

B.c.,

Archimedes, purportedly,

collected the rays of the sun in optical concentrators and
used the reflected energy to ignite the sails of the Roman
warships arrayed against

Greece~

For thousands of years,

solar energy has been used to distill and warm water and
heat houses.

Even today, entire islands in the Mediter-

ranean and Caribbean use it to fulfill these same
functions [3].
In medieval times, the sun's energy was used to
distill perfume, recover salt from brine, and cook food.
In more modern times, solar energy has been the subject of
serious study and practical use for almost 100 years.

At

the World's Fair held in Paris in 1878, A. Mouchot
demon,
strated a solar water pump, which was driven with the
mechanical power produced by gathering sunlight in a
collector and using the reflected energy to produce steam .
At Meadi, Egypt, in 1912, a solar plant was in operati n
which used cylindrical paraboloid reflectors to heat wa er
~0

provide steam for a 100-horsepower piston engine

Today, the energy of the sun, collected similarly,
13

r~J
p o ~e ~

14
the largest solar furnace ever builtw

The furnace, located

at Odeillo in the French Pyrenees, is capable of

produc~ng

temperatures as high as 3,300°C for the purpose of pur.fy·ng
precious metals _and testing protective materials (6)

The

most well-known application of solar energy has been •ts u. e,
through conversion by solar cells, as a source of el ctr 1c 1
power for this nation's space vehicles.
In the early 1900's, South Floridians used solar
energy to heat their water in holding-tank-type systems, and,
at the peak of the 1920's building boom, many
constructed with built-in solar tank systems.

home~

were

It has been

estimated by various sources that as many as 60,000 solar
water heaters are in use in South Florida today, nearly a 1
of which were installed in the 1930's and 1940's before allelectric living became the vogue

[7]~

Today, a trip through any of the larger South
Florida cities will turn up a negligible amount of
residences utilizing solar heaters.

Conversations with th

Home Builders and Contractors Association and the P lm Be a h
County Area Planning Board indicate that 75 percent Jf

a 1

single-family residences in Florida have been con>t uc
within the last 20 years and 46 percent with1n th
yearsG

Although there are no statistics available,

conversations with residents of and travels through

a t

0

15

Florida Keys reveal that solar water heaters, once p eva
lent, have fallen into disuse and have been replaced with
conventional systems.
A

revi~~- of

the numerous periodicals, techn · cal

reports, newspaper articles, and general literature
available concerning solar energy revealed no la ge s
uses of or general applications of solar energy w1thin

h

state of Florida.
The foremost reason for the decline of sola

e1e

as a source of power was that it was being developed a

a

time in history when fossil fuel costs were, comparati e
very . low.

It could not compete in the energy market pla e

and fell behind as both financial and research interes s
were channeled into the more technically and economically
feasible areasG

The convenience of readily available and

relatively . inexpensive electricity and bottled gas v1
eliminated solar power as a basic method of Wdte

hea

uall
~ng

Today, numerous experiments and studies ha e demor strated that solar energy can be used for a mult1tude
diverse, commonplace tasks, such as hot water heat1 g
heating, air-conditioning, refrigerat1on, cook ng, d
lation, conversion to electricity, conversion to me hd ·c
power, and metal purification.

The technology 1s ava1

to accomplish each of these items and has, 1n fac ,
demonstrated at the University of Florida 1n
Energy and Energy Conversion Laboratory [8]

~cs

ab

1

b

Sola

e ,

h

e a

16
major economic and sociologic problems that must be overcome
before the use of solar energy as a power source can become
a viable proposition.
There

~~~

three significant reasons why the

economics of solar energy technology is a problem.
the solar energy reaching the surface of the earth

First,
dilu

1s

in nature, having been dissipated somewhat by the atmosph r
and, therefore, must be collected over a large area in o rder
to supply enough for the more power-hungry projects

S laL

energy passes through near-earth space at a rate of 130
thermal watts per square foot and arrives on the earth at a
rate of 17 thermal watts per square foot when averaged over
24 hours.

To produce the equivalent of the total pred1cted
15
energy requirement for the U.So in the year 2000 (175xlo
BTU per year) by converting the solar energy arr1ving on the
ground at 10-percent efficiency would require about 124,000
square miles of land.

This would result in an dverage da1ly

'

output of approximately 1,140,000 kilowatt-hours per squa
mile [9].

This tends to make it expensive although

1t

·

free.
Second, solar energy is variableo

On cloudy day ·

only 10 to 15 percent of the sun's normal radiation

ed _he

the earth; there is less available in the winter than
summer (330 to 1,130 BTU's per square foot per da
December versus 1,700 to 2,500 BTU's per squaLe fo
in June for the southeast); and none a r ives at n "gh

h

n
y

p

3

17
To provide for periods of low intensity, the energy must be
stored, and storing large amounts of energy, given the
current state of the art, is both difficult and expensive.
Third, so2ar energy technology is new.

As in any

beginning field of research, the initial attempts are crude.
It is only with time and further effort that the designs
will become polished, both technically and economically.
This is especially true in the case of current solar cooling
technology.
Sociologically, market acceptance is the major
problem that must ·be dealt with.

Research by Dr. Karl

w.

Boer, Director of the Institute of Energy Conversion at the
University of Delaware, indicates that such acceptance
probably requires fulfilling at least five conditions [10]:
(A) Low first cost: less than 10 percent of
the cost of the house before solar modification.
(B) Solar energy converted into compatible
energy should cost no more than conventional energy.
(C) The solar energy system should have
reliability similar to conventional systems.
(D) The solar energy system should perform at
least as well as accepted conventional systems with
regard to comfort control, etc.
(E) There should be visible incentives for at
least one member of the builder/consumer chain
without major disincentives for any other member.

An additional condition would be the requirement
that the solar system be compatible with the building design.
Psychologically, the aesthetics of the systems have a great
effect on buyer potential.

18

Dr. Boer goes on to conclude that, in orde

to

prevent the system from becoming too costly, the above
conditions can be fulfilled, only if solar energy is used as
supplemental r _a ther than substitutional energy.
Within the state of Florida, the University of
Florida has, for many years, been conducting research ln
field of solar power.

}

This work is now being carried on

Dr. Erich A. Farber as Director of the Univers1ty's Sol r
Energy and Energy Conversion Laboratory and encompasses tw
areas:

conversion of solar energy to alternate forms of

energy and application of solar energy to new uses.

The

objective of the laboratory is to advance the state of the
art and to provide the knowledge and the results for others
to build on.

At present, research is being conducted 1n the

following areas:
1.

Materials

2.

Solar water heating

3.

Space heating

4.

Cooking and baking

5.

Solar distillation

6.

Refrigeration and air-conditioning

7.

Solar furnace

8.

Conversion to mechan1cal power

9.

Hot air engines

10.

Solar-heated sewage digestion

11.

Conversion to electricity
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The laboratory has looked into the older methods of
converting solar energy into other forms of energy; it has
studied the present state of the art; and, it has pioneer d
in many areas

~f

§olar energy utilization [8].

Its exper1-

ments have shown, to give the results of a very few, that
glass makes the best collector and that the iron content
glass limits - its - transmission capabilities.

~n

Paint

absorption characteristics are important; a green paint was
found to be better than black in converting solar insolat1on
into thermal energy [3].

Dr. Farber has shown that, in

principle, solar energy can be used for any energy need now
being filled by conventional fuels [11].

In the field of

refrigeration and air-conditioning, Dr. Farber has developed
a solar-operated ammonia, absorption refrigeration system
using flat plate collectors without storage [12].

An

in-depth treatment of the results of these projects is
presented in Appendix A, which contains an enumeration of
the papers published by Dr. Farber concerning the field of
solar energy.
On the national level, much emphas1s is be1ng pla ed
on the application of solar energy to res1dentialcommercial heating and cooling.

Reference to Chapter

,

Table 3, page 7, shows that approximately 24.5 percent of
all energy consumed in the United States is used for
and cooling in this sector.

The dilute and inte m1

g
t

nature of solar energy has served to res~rain ~ts u e i1
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many applications.

One instance where these limitations are

not so significant is in heating and cooling.

Among the

leading researchers in the field, there is general agreement
that residential-commercial heating and cooling appear to be
the most technically and economically feasible of the near
term uses of solar energy.

A NASA report [13] concerning

the development of a solar-powered residential heating and
cooling system says:
• • • The first major application of solar
energy will be to heat and cool buildings since
this application will require the fewest technological advances and the least expenditures of
time and money.
Another report [3] on the development of solar
energy prepared for NASA by Auburn University contains the
following statement:
• • • One case where dilution is not as
significant a deterrent is in the heating and
cooling of buildings • • • • Additional advantages
of solar energy for heating and cooling in
buildings are its widespread availability and easy
conversion to thermal form • • • • Therefore, it is
logical to utilize it directly in the heating and
cooling of buildings and avoid losses that would
occur by conversion to some other form.
There are

approximate~y

20 to 30 experimental so

heated structures working across the

u.s.

Var1ous c ornb1 -

nations of collector types, heat storage techniques, h at
transfer media, and auxiliary energy supplies
tested.

ha'~e

been

Some of these buildings were laborator1es and

were also designed as residences.

A brief summary o

of those tested is contained in Append x B

t i

~

1e
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that none

o~

these systems has been able to supply 100 per-

cent of the heating or cooling needs.
The University of Florida has a solar house as a
part of its Solar_Energy Laboratory and has graduate
students living in it as part of a controlled test under
actual conditions.
energy from the sun.

Eventually it will derive all of its
Hot water is generated using a 4- by

12-foot solar converter with the water stored in a 100gallon tank.

Heat for the house is supplied by a 270-squa e -

foot (at about $2.50 per square foot) solar panel and a
3,000-gallon storage tank.

Cooking will be done by the

addition of a solar-heated oil ·unit.

The house has a sola

heated swimming pool, a liquid waste solar recycling system,
and a small solar energy-to-electricity conversion system
which powers a television set, a radio, the house lights,
and the other small appliances.

The laboratory is also

testing a solar-electric car [14].
Most of the major research in the field of solar
energy is being funded by the government through the
Research Applied to National Needs
National Science Foundation.

(RANN)

program of the

RANN pairs the

industr~a

academic communities into teams which attempt to
technology that will achieve

sign~ficant

de~e

p

contribut1ons

the ·U nited States energy supply by the 1980's .

The

energy portion of this program is a two-part proJeC
deals with the heating and cooling of bu1ld1ng

d

and

o

o
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generation of electricity.

The heating and cooling proje t

is examining solar systems which will have wide application
and be cost competitive with existing systems.
generation of the

~lectricity

The

phase is working with various

methods of converting solar energy into electricity [15]
The heating and cooling program is divided into
three segments.

In the first segment, General Electr1c and

the University of Pennsylvania, TRW and Arizona State
University, and Westinghouse in conjunction w1th Colorado
State University and Carnegie-Mellon University have formed
industrial-academic teams to explore the feasibility of
using solar energy to heat, cool, and provide hot water fo
buildings using state-of-the-art technology.

The second,

and following, segment of the program will cover prelim1nary
system design and subsystem research, while the final
segment encompasses system testing and proof-of-concep t
experiments [16]a
The solar energy-to-electricity program 1s work1ng
mainly in two areas.

In the area of

energy,

photovolta~c

there are eight industrial academic teams work1ng

w1 h

materials, devices, and systems studies trying to

1

low-cost, long-lived solar cell arrays for terrest
applicationse
Appendix

c.

P

1

Additional information is presented
Here, the main objective 1s to reduce

l

e

o

of solar cells from $50 per peak-watt to 50¢ pe
two orders of magnitude, in order to produce photo

c
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electricity· which will be comparable price-wise with power
station electricity [15].

In the area of solar thermal energy, industrial
academic teams are_ working to produce supplemental power

o

the present central power systems by converting solar ene
into heat and steam for the production of
.

work~

Appendic C contains more detail.

convent~onal

This is done by

developing selective surfaces, surfaces that do not r
absorbed energy as heat.

y

m1

The heat trapped by the surf

then transferred to some medium such as a low-melting

b

po~nt

eutectic for storage where it can be extracted, when needed,
to generate steam to drive turbogenerators [15].
Florida Technological University, in conjunction
with Chrysler Corporation, is working in the residential
heating and cooling portion of the program on a proJect
improve the first-generation design of an absorpt1on
conditioning systemG
The object of this effort is to evaluate and
define the performance conditions and hardware
functional requirements for a second generat1on
system that operates with hot water in the rang
of 170-185°F 1 has the cooling capability
compatible with individual homes and building
complexes (approximately 3~5 tons), and is
.
optimized in terms of equipment cost and elect
power requirements [17]o

a~

o

CHAPTER IV
SOLAR ENERGY FOR HEATING AND COOLING
The most recent and most thorough studies of total
system costs have been performed by Richard Tybout and
George Lof.

Using an elaborate computer model, they

determined the least cost design for a typical solar house
in eight cities across the United States.

The climates of

these cities represent the temperate and semi-tropical
regions of the world [4]o
The studies were based on weather bureau observations and existing engineering knowledge of solar des1gns
and simulates solar operation over extended periods.

Solar

costs were based on a discount rate of 6 percent with
sinking fund depreciation over an expected life

f

~0

Capital costs were based on the then current p ice o

y a s

sol

collectors of about $4 per square foot plus the co
ancillary equipment (motors, pumps, controls, etc

f
J

c ~

an anticipated near-term (mass production) colle to
of $2 per square foot [4]a
found in Reference

Their complete rationale

[4]~

Table 5 summarizes the findings of Tybout
using solar energy to provide both space heat and ho
24
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~

~
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to middle income housing (requires 15,000 BTU/DD for
approximately 1,000 square feet of floor space) and uppermiddle income housing (requires 25,000 BTU/DD for approximately 1,700

squ~~~

feet of floor space) optimizing on the

basis of least cost.
TABLE 5
LEAST COST SOLAR HEAT

Location

Collector
Area
(ft2)

Solar
Heat
(%)

15,000
BTU/DD
Cost
($/106 BTU)

25,000
BTU/DD
Cost
($/106 BTU)

Santa Maria

261

75

1.35

1.10

Albuquerque

261

60

1.70

1.60

Phoenix

208

72

2.55

2.05

Omaha

521

47

2.65

2.45

Boston

347

50

2.70

2.50

Charleston

208

55

3Gil5

2.55

SeattleTacoma

521

45

2.85

2.60

52

70

5.85

4.05

Miami

SOURCE: R. A~ Tybout and G. 0., G. Lof, "Solar
House Heating," Natural Resources Journal, lO(April, 1970):
304, 308.
The solar heat column shows the percentage of heat
supplied by the solar system.

Practically speaking, 100

percent of the heat cannot be supplied by the solar
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components.

This is because the costs of solar heating are

almost all in fixed capital investment and because
additional capacity beyond the least cost levels would be
used with ever-de9reasing frequency.

In other words, the

ratio of system cost per BTU received starts to increase
exponentially.
The costs presented in Table 5 are actual system
costs that were valid for the period when the study was
begun~

Today, these costs would change somewhat because of

inflation, production techniques, etc.
comparisons are still valid.

However, the

The costs of the 15,000 BTU/DD

home are higher than those of the 25,000 BTU/DO home because
most of the costs (fixed capital investment) are common to
both.

The main difference between the two systems is the

additional collector area required by the larger

This

home~

does · not increase the cost per BTU because collector costs
are small relative to the fixed costs.
The high cost for solar heating in the Miami area
might, at first, seem puzzling.
be expensive?

With so much sun,how can it

But, the authors conclude that Miami

~s

a

poor site for solar house heating as it does not have
enough demand to use the solar equipment effectively even
though a high percentage of its small annual demand can be
satisfied by solar energy.

In other words, there are JUSt

not enough cold days to justify the system [4].
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Alternatively, the authors conclude that [4]:
On the same basis as used for space heat
systems {6% interest, sinking fund depreciation)
annual equivalent costs are 66 to 92¢/ft2,
respectively, which gives a hot water cost of $1.97
to $2.84 per ~~lion BTU. The advantages of
installing a simpler hot water-only system rather
than a space heat-hot water combination are obvious
for · Miami. Indeed, costs of solar heated water in
Florida are within the same range as conventional
fuel costs, as will be seen from Table 2 [Table 7
in this report]o In practical applications, supplementary heat is required for hot water, as for
space heat, if 100 percent capability is desired.
o

•

o

The results of further studies on combined solar
heating and cooling systems optimized on the basis of least
cost are presented in Tables 6 and 7 o

The solar collectors

can now be used for both heating and cooling with correspending improvements in the load factor and lower unit
output costs of the collectors.

Comparison of Tables 5 and

6 shows that the cost per million BTU decreases signifi-

cantly for Miami using a system that now has a high-load
factor.

Now there is enough combined heating and cooling

demand to reduce system costs to an extent that the solar
system becomes viable.
Table 7 presents an informative comparison of costs
between solar energy and conventional fuels.

On the soia

energy side, the heating costs presented are those using the
combined system to heat only.

S1milarly, the cooling costs
Note

are those using the combined system to cool only
that, in a wide variety of climat1c condit "ons,
solar system is less expensive than using

us~ng

electr~ 1

Y

the
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TABLE 6
LEAST COST SOLAR HEATING AND COOLING
. (25,000 BTU/DD House)

Location

Collector
Area
(ft2)

Combined Heating
and Cooling
(% Solar)

Cost
($/106 BTU)

577

63

1.73

Miami

1,150

60

2.13

Charleston

1,150

68

2.47

Phoenix

1,150

33

1.71

Omaha

1,150

59

2.48

Boston

1,150

65

3.07

Santa Maria

289

52

2e~45

SeattleTacoma

577

43

3.79

Albuquerque

SOURCE: Auburn University Engineering Systems
Design, TERRASTAR (Springfield, Va o : National Technical
Informat1on Serv1ce, 1973), P o 5-23o

2.81

Oc9 6
Oc79

leOS

1.73

1.42

1.83

Miami

Charleston

Omaha

Boston

Santa Maria

SeattleTacoma
2.00

1.62

1.76

1.32

1.60

loSS

1.73

2.07

Oil

2 31

4.36

S.2S

3.24

4.2S

4.22

4.90

4o62

Electricity

t!'

3.14

l.S8

3.02

2.93

2G87

3.34

le9S

1.46

8 72

S.41

2.0S

3o49

2.26

,.

•

3.29

Cooling

2e03

Heating

Solar Energy
I

I

3.79

2.4S

3.07

2~48

1.71

2o47

2el3

1.73

Combined

SOURCE. Auburn Un~versity Eng~neering Systems Design,
TERRASTAR (Spr~ngf~eld Va : National Technical Information Serv1ce,
1973), Pc S--24.

Phoenix

0.89

Gas

Albuquerque

Location

Conventional Fuel

COMPARISON OF SOLAR HEATING AND COOLING COSTS WITH ALTERNATE FUELS
($/106 BTU)

TABLE 7
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nearly competitive with gas and oil.

In every case, with

the exception of Seattle with its unusually low electric
power rates, solar energy is cheaper than electricity and
approaches the

co~~

of gas and oil.

In Miami, the solar

system costs are 57 percent less than electricity, 25 pe
cent less than gas, and only 23 percent more than oil
In summary, despite the changing prices seen today,
which will modify the actual costs, the inescapable
conclusion is that solar heating and solar cooling have
definite potential for use in Florida.
These results have been somewhat confirmed by the
Westinghouse-Colorado State University-Carnegie-Mellon
University report on the feasibility of using solar ene gy
to heat and cool, previously mentioned in Chapter III.
report concludes that [18]:
• • • Solar-assisted space heating and water
heating for single-family homes can be cost
compet~tive in the 1975-1980 period in some regions
of California where little space heating is
required. But, in most regions of the country
• • • solar heating and cooling systems can become
cost competitive in the 1985-1990 time period as
fuel prices escalate and solar equipment prices
fall with quantity production.
There is currently a gap between the near
term costs for solar systems and the additional
cost that consumers would be willing to pay.
Government programs and incentives will be neces
sary to close the gap.
Installing solar systems in existing singlefamily homes w1ll not be economically feasible on
a significant scale. To be economically and
aesthetically attractive, single-family homes
should be specifically designed for a solar system
Cost advantages may be achieved, however, by
retrofitting solar systems into larger mult1family and commercial buildings.

The

CHAPTER V

SOLAR CONVERSION INDUSTRY
Despite the ready availability of solar energy in
the state of Florida, there are relatively few solar-related
industries.
Chapter III.

This is due to the reasons enumerated in
Solar water heating is the only program which

is technically and economically practical at this time.
Other programs, such as solar cooling, though feasible,

.

still have unresolved problems to be considered.

The

NSF/NASA Solar Energy Panel concludes that [11]:
Before solar energy becomes a major source of
clean energy for our nation, it will require the
involvement of industrial ingenuity and productive
know-how to produce economic hardware and services.
Some of the difficulties in achieving industry
participation are:
(1} most companies are looking
for short term projects for their new enterprises
with return on their investments in two or three
years; (2} long range projects present great risk,
and investment capital is very scarce unless there
is a high probability of return in a major line in
their business; and (3} companies will undergo
major change only under crisis (they will take
chances but cannot take failure).
There is no real solar industry in Florida.
Appendix D contains a list of those firms in Florida known
to be working with solar-powered systems.

Conversations

with these firms revealed that there is no def1ned pr1 , e
structure; a hodgepodge of systems is available
31
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following is a summary of what the firms contacted offered
in the way of solar water heaters.
W. R. Robbins and Sons Roof offered several system
sizes.

For a

3,0~~-watt,

250-volt, SO-gallon system with a

thermostat and a 4- by 12-foot collector, uninstalled, the
price was

$625~

For the same system with a 100-gallon tank,

the price was $697.
Youngblood Company, Inc., quoted $1,500 to $1,800
for an installed system capable of supporting the hot wate·
and space heating needs of a three-bedroom house with four
people.
MacDonald Window Sales and Service said their hot
water systems ranged from $300 to $900 with a collector
price of $6Q50 per square foot.

Additionally, they offered

a total system for the average Florida three-bedroom home;
for $800 to $1,000 installed, they will supply a system
which provides hot water, space heating, and air
conditioning for the average Florida residence.
Pyramid Plumbing sells 3- by 8-foot collecto

pdn 1

for $399 or approximately $17 per square foot, unin
Solar Power Corporation quoted $395 for a 2
foot copper collecting panel, a fractional

H~P

by 8

pump, an

some ancillary electrical equipment and check valVeb,
uninstalled.

The same system with an aluminum colle - o

panel sells for $295 .

From the above, it can be seen that, b caus

the

are so few firms offering solar systems, there is a

st

discrepancy in prices .
the efficiencies

~~the

There were no data av · ilabl
various schemes or their d s·gns

The information obtained from fir.ms dealing in
solar-energy-related products has been sparse

Onl

cent of the inquiries made received a replyM

In

p
v

1

the replies, it was implied that most companies w ul

1. >

t

too cooperative because of the possibility of leakiug
information vital to their competitive position.
Information was received from two foreign
which make and install solar hot water systen1s
From correspondence with Amcor Export Campa

, L c ,
~

Tel-Aviv, Israel, it was learned that a system with a
gallon storage tank with auxiliary 1,500-watt, 2? 0 v 1
heater and two collector panels sells for $275.
quotation was made about collector costs.

N

How ve r

quotations from Sol-Therm Corporation in New Y rk, wh· h
imports the Amcor systems from Israel to

h

U

$595 for the standard domestic water heater d s i

·b

with $195 for additional collector panel

wj

Thi

to approximately $12 per square foot as the

ost o

h

collector "
~

Correspondence with Beasley Industri
in Australia confirms that for the average
(in a generally colder climate than Florid )

u

Jl

4

water system costs from $300 to $365 more than the no mal
electric hot water system with collector costs running
$8 per square foeti
No

inforrn~tion

was available concerning Japanes

Russian solar equipment.

bout

CHAPTER VI
SOLAR ENERGY POTENTIAL
In the future, using solar energy as a sou c
us .s,

power could do much to preserve fossil fuels for othe
such as medicines and plasticsi

Solar energy must b

developed to help fill the increased demand for ene g
This is necessary to prevent fossil fuels from

becom~ng

scarce causing a serious escalation in their prices

uch

escalations would lead to potentially serious balance- a payments deficits and would fuel worldwide inflation through
the rise in prices of associated goods.
Technology has demonstrated that solar energy can be
converted into thermal energy, electrical energy, and
mechanical energyw

To replace the energy which would oth

wise have been obtained from fossil fuels, the a r
solar energy should be usedo

In this

respe~t,

~labl

Flo · d

enjoys the advantage of having a subtropical climate

1

which approximately 60 percent of the winter day
The state as a whole has clear or partly cloudy

•
day~

bJu

65 percent of the year and has an average temperatu e of
about 59°F (l5°C) in January and 81°F (27°C) i
an average minimum winter temperature through
35
\
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southern half of about 50°F (l0°C)

[19].

Additionally,

Florida receives average daily solar radiation of 1,650 BTU
per day per square foot which is, with the exception of the
southwest, higher .than any other area in the United States
which itself averages 1,400 BTU per day per square foot [ O]
Solar energy is able to supply several solutions t o
the important problems concerning environmental impact, but
it has its own potential problems.

Today•s power production

presents society with inherent problems, such as the waste
of both energy and material and the resulting pollution,
none of which are directly present with the use of solar
energy.

But, the environmental question is much more

sophisticated than this.

Depending on the final methods

developed to utilize this energy, large investments of
natural resources, such as copper, aluminum, transport
fluids, storage materials, etc., would be required.

Because

of the low intensity of this radiation, large land areas
might be needed for its collection.
Solar and nuclear energy are thought to be ,he
highest potential long-range energy resources.

However,

future of nuclear energy appears to be bogged down

w1

serious problems relating to plant operation and the
of radioactivity.

h

h
eleatie

Such serious problems do not appea

present with the use of solar energy.
Regardless of the methods used to supplerne
fuels in the future, before they are undertaken with any

o
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seriousness, it is imperative that environmental impact
studies be made to weigh objectively the benefits derived
against their costs,
The potential of solar power as a substitute source
of energy can be determined as follows.

Set as a goal the

obtaining of the maximum use of this energy by the year
2020, utilizing existing thermal energy techniques in
residential-commercial heating and cooling.

That is, assume

that the systems are installed without regard to cost using
the current technology.
As a guideline to future energy consumption, the
Brookhaven (AET-8) Projection which was issued in 1972 by
the Brookhaven National Laboratory will be used.
information is presented in Table 8.

This

This projection is

based on several main assumptions [3, 21] concerning factors
which affect energy usage:
1. The use of air-conditioning will continue
to increase for about twenty years at its present
15.6 percent residential and 8.6 percent commercial
growth rates (based on 1960-1968 rates) and then
level off.
2. The energy required to heat and cool
buildings will decrease slowly due to design
improvements. At present, energy for heating and
cooling comprises 24.4 p~rcent of total energy
consumption. This is expected to rise to 25.0
percent by 1990 and then fall off to 18.0 percent
by 2020.
.
3. The population growth rate will remain at
its present level.
45 Other energy uses will probably grow more
quickly than heating and cooling. This is
evidenced by the expected decline of the amount o
energy for heating and cooling with respect to
total energy consumption.
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TABLE 8
PROJECTED NATIONAL ENERGY CONSUMPTION

Year

Total
Energy
Consumption
(Quads)*

Energy for Heating and Cooling
Amount
(Quads)

Percent of Tot l
(%)

1968

60.5

13.25

24.4

1980

88.0

22.00

25.0

1990

127.0

31.80

25 0

2000

175.0

38.50

22.0

2010

230.0

46.00

20.0

2020

300.0

54i00

18 0

SOURCE: Auburn University Engineering Sybtems
Design, TERRASTAR (Springfiel~, Va.: National Techn1cal
Informat~on Serv1ce, 1973), p. 10-3.

*One

quad equals 10 15 BTU.
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Further assumptions made in this report that will
aid in determining solar energy potential are:
1.

There will be a major commitment of R&D money during the
next 15 years, increasing as the true magnitude of the
energy crisis becomes apparent.

2.

Solar energy use, on relatively large scale terms, will
begin in 1980 as a consequence of the R&D studies and
inertia within the construction industry.

3.

Solar heating and cooling techniques will be used only
on new construction since retro-fitting will be both
difficult and expensive.

4.

Solar heating and cooling will provide 75 percent of the
total energy required to heat and cool with the
remainder supplied by a conventional system.

Present

systems, as indicated in Table 6, page 28, could supply
approximately 55 percent of the total needed.

Thus,

about a .one-third increase is expected in system output
due to technological advances.

s.

No more than 75 percent of new construction w1.ll ut1l.i.
solar energy because of obstructions, cl1.mate, etc ; and
this will occur as shown in Table 9..

This figure is

probable upper limit and would not be reached excep
extraordinary circumstances.
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TABLE 9
SOLAR ENERGY

AND

NEW CONSTRUCTION

Period

Percent of New
c·o nstruction Using
Solar Energy

1981-1990

10

1

1991-2000

25

6

2001-2010

so

12

2011-2020

75

27

SOURCE:

Percent of Total
Construction Using
Solar Energy

An Assessment

(Springfield,
1972) 1 P• 6.

Solar

By using the previous assumptions together with the
information contained in Tables 8 and 9, a projection of the
amount of solar energy which could be substituted for the
energy derived from fossil fuels is shown in Table 10.
Table 10 indicates that it will be at least 40 years
before solar energy will make an impact as an energy source
if it is confined to heating and cooling using current or
similar thermal energy techniques.
Table 10 also demonstrates that solar energy cannot
be restricted to the heating and cooling needs of new
residential-commercial constructionw

The 9.3 quads of

energy predicted to be developed by solar energy 1n 2020 i~
but 56 percent of that which was expected to have been
needed in 1974

~able

8) for heating and cool1ng.

Tn
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amount of energy expected to be produced is significant by
today's standards (Table 4, page 10, shows that hydroelectric
and nuclear sources supplied only 0.1 percent of Florida's
energy in 1972)1 pQt, by the standards of the year 2020, it

is not what was hoped for.
TABLE 10
FUTURE SOLAR ENERGY CONSUMPTION *

Year

Solar Energy
Consumption
(Quads)

Total Energy
Replaced
(%)

Heating and Cooling
Energy Replaced
(%)

1980

0,00

o.oo

o.oo

1990

0,73

0,58

2,31

2000

1.99

1.14

5.17

2010

4,80

2.09

10.44

2020

9,30

3.10

17.23

*See

Appendix E for calculation.

If, starting in 1980, the new construction had all
of its heating and cooling needs supplied by solar energy,
then it would supply only 4 percent of the total energy or
23 percent of the heating and cooling energy needed in 2020.
If, in addition, all of the new construction were to use it,
then the above figures would rise to 11 percent and 59 per
cent, respectively.
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For solar energy to make a significant contribution
in the energy market plac~ it must be able to be converted
to a useful form by existing structures and/or be used by
other energy consuming areas.
It · is the writer's belief that significant inroads
in energy production utilizing solar power will occur only
when this energy is converted to electricity.
F~gure

Reference to

1, page 9, shows that 43.2 percent of all the energy

consumed in Florida was used to produce electricity.
Sol~r en~rgy

could have a sizable effect on power

generation · if it were to replace the fossil fuels used to
produce electricity.

If this line of reasoning is followed

further, it is possible to conceive that in the future a
large portion of all the gasoline used for transportation
could be eliminated by using electric cars.

In Table 2,

pawe 6, it .was seen that gasoline comprised 28.8 percent of
the energy consumed in Florida in 1972.

Furthermore,

ideally all of the petroleum products and natural gas used
in the residential-commercial sector could be substituted
for using electricity.
energy consumed in 1972.

This amounts to 6.7 percent of the
Therefore, it is possible that up

to 78.7 percent of the energy consumed within Florida could
be the product of electricity generated utilizing solar
energy.

CHAPTER VII
CONCLUSIONS AND RECOMMENDATIONS
In the previous chapters, the following statements
have been made and the following conclusions have been drawn
concerning energy in the state of Florida:
1.

Residential heating and cooling consume almost 25 percent of the energy utilized in the United States.

2.

#

Fossil fuels supply approximately 99.9 percent of all
· the energy consumed in Florida.

3.

Because fossil fuel resources are limited, alternate
squrc~s

4.

of _energy must be developed.

Solar energy technology has demonstrated the capacity
to heat, cool, and produce electricity.

SQ

In Florida, solar hot water heaters can be installed and
run economically, but there are problems which prevent
its. use at present for air-conditioning and space
heating.

6.

There is no substantial solar industry in Florida.
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7.

Solar energy thermal technology will not make an inroad
as a significant source of power until the twenty-first
century, 25 years hence.

8.

Solar energy must be converted to electricity in order
to be able to make a significant impact as a source of
energy in the next two decades.
Some of the steps which could be taken to help solve

the energy problems both of Florida and of the United States
are as follows:
1.

The 'federal government must take the lead and adopt a
national energy policy directed toward three major
areas:

the supply of energy, the demand for

en~rgy,

and

the conservation of energy.
2o

To increase the supply of energy, the government needs
to increase the funds for energy R&D in all areas.

This

is to prevent a reliance on any one method, such as
nuclear energy, should that method prove technically or
environmentally unsound in the future.

In the aftert me,

it may be that solar energy will be the only dependable
source of energy.

Also, other sources may be developed

which could supply a small, but significant,
our total energy resources.

port~on

of
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3.

On both the national and state levels, in order to
utilize the existing solar energy technology, incentives
must be provided [1]:
• • • for .persons wishing to construct, produce,
install, or purchase solar energy systems. In
order to foster an embryonic industry, to save
public funds through lower energy operating costs,
and to help develop a reliable product for
consumers, state building construction must consider solar water heating, space heating, and
air-conditioning. The use of solar equipment must
be considered in design alternatives which include
evaluation of life cycle building costs.
Furthermore, to encourage persons to invest in
solar energy systems production and installation,
tax incentives in the form of corporate income tax
credits should be provided. In order to encourage
persons to purchase solar energy systems products,
tax incentives in th~ form of Sales Tax exemptions
for such products should be providedo

4o

To regulate the demand for energy, population growth and
per capita consumption must be controlled.

The

consumption of energy is, in part, a function of population expansiono

This increase must be controlled if

the present standard of living is to be

mainta~ned.

At

best, the United States should continue to aim for the
zero population growth it is so near to attain1ng

To

control per capita consumption, both the national and
state

government~

must launch educat1onal programs

o

increase public awareness of the problem and avoid
unnecessary

waste~

Perhaps, energy rates could be

structured such that costs rise
consumption has occurreda

af~er a certa~n

Other suggestion

encouragement of intercity and

leT

~nclud

intrac~ty publ~c

o
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transportation, the regulation of the price of imported
oil, the encouragement, by national legislation, of
I

improved fuel economy in automobiles, and the passing of
state and

nat~o~al

legislation requiring all major

appliances to disclose their efficiencies and expected
annual costs of operation.
5.

Conservation of energy is an area where immediate step·
can be takeno

The federal and state governments in

conjunction with industry must examine ways to improve
the efficiency of existing designs and encourage the
input of solar concepts where

possible~

The three areas

of consumption where such a program would have maximum
effect is in the designing of buildings, the revis1on of
indus.t~ial

processes, and the improvement of

tation efficiencieso

t~anspor

By proper planning, large savings

in energy could accrue in these three areas.

An

Off1ce

of Emergency Preparedness Report estimates that the
potential for energy conservation may be as great as

16 percent of total energy

consumpt~on

by 1980
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PUBLICATIONS OF DR~ ERICH A. FARBER 3
"Solar Energy - Past Present and Future 11 E. A. Farber,
J. c. Reed, Journal of Florida Engineering Society, Vol .
No. 2, August 1956.

I

"Practical Applications of Solar Energy" E. A. Farber,
J. c. Reed, Consulting Engineer, September 1956
"Practical Applications of Solar Energy" E A. Farber,
J. c. Reed, Florida Engineering and Industrial Experiment
Station, Vol. X, No. 11 Leaflet #83, November 1956.
"Solar Radiation Data" E. A. Farber, Climatological Data,
National Summary, Published monthly by the u. s. Weather
Bureau, Department of Commerce, January through December
1957.
"Solar Water Heating:

Present Practices and InstallatJ.ons"

E. A. Farber, ASME Paper #57-SA-45, June 1957.
"Solar Water Heating:

Present Practices and Installations"

E. A. Farber, National Engineer, August 1957.

"Solar Energy to Supply Service Hot Water" Ec A. Farber,
Wo ·H. Russell, J. D. Bennett, Air Conditioning, HeatJ.ng, and
Ventilating, October 1957.
"Solar Radiation Data" E., Ao Farber, Climatological Data,
National summary, Published monthly by the u. s Weather
Bureau, Department of Commerce, January through Decembe
1958.
"Solar Energy Research" E. A. Farber, Proceedings o the
E. I. Du Pont de Nemours and Company Solar Energy Sympos urn,
March 1958G

·3 The.se publicat~ons are listed ai:) r e ceiv a

Dr. Farber.
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"Selective Surfaces and Solar Absorbers" E. A. Farber, ASME
Paper, December 1958.
"Solar Radiation Data" E. A. Farber, Climatological Data,
National Summary, Published monthly by the u. s. Weather
Bureau, Department of Commerce, January through December
1959.
"Solar Water Heating" Eo A. Farber, Air Conditioning,
Heating and Ventilating, July 1959
"Selective Surfaces and Solar Absorbers" E. A. Farber,
Journal for Applied Solar Energy, April 1959.
"Solar Water Heating and Space Heating in Florida"
E. A. Farber, The Journal of Solar Energy Science and
Engineering, Vol. III, No. 3, October 1959.
"The Florida Program in Solar Refrigeration and Air
Conditioning" E. A. Farber, The Journal of Solar Energy
Science and Engineering, Vol. III, No5 3, 1959.
"Solar Air Conditioning with Ammonia - Water Absorption
Refrigeration System" M. Eisenstadt, F. Flanigan,
E. A. Farber, ASME Paper #59-A-276, December 1959.
"Solar Radiation Data" E. A. Farber, Climatological Data,
National Summary, Published monthly by the u. s. Weather
Bureau, Department of Commerce, January through December
1960.
"Selective Surfaces and Solar Absorbers" E. A. Farber,
Florida Engineering and Industrial Experiment Station,
Technical Report #9, Vol o XIV, No Q 2, February 1960.
"Solar Water Heating" E. Ao Farber, Florida Engineer1ng and
Industrial Experiment Station, Technical Report #9,
Volo XIV, No. 2, February 1960 o
"Solar Air Conditioning with AmmonJ.a - Water Absorptl.on
Refrigeration System" M. M. Eisenstadt, F. Flanigan,
E. A. Farber, Florida Engineering and Industrial Experimen '
Station Technical Progress Report No. 2, February 1960.
"Tests Prove Feasibility of Solar Air Cond1t1.oning"
M. Eisenstadt, F. M. Flanigan, E A Farber, Heat1ng, Pi p
and Air Conditioning, June 1960
"Solar Water Heating, Space Heating and CoolJ.ng"
E~ A. Farber, .Journal of Appl1ed Solar Energy, Aug s
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"Tests Prove Feasibility of Solar Air Conditioning"
"M. Eisenstadt, F. Flanigan, E. Afi Farber, Florida
Engineering and Industrial Experiment Station, Vol. 32,
NoQ 11, November 1960.
"Solar Radiation Data" E. Ao Farber, Climatological Data
National Summary, _ ~ublished monthly by the u.s. Weather'
Bureau, Department of Commerce, January through December
1961.
"Performance of a Solar Still" c. R. Garrett, E. A. Farber,
N. Conference Proceedings of New Sources of Energy,
August 1961.

u.

"Solar Engines" E. A. Farber, Solar Energy Symposium
Proceedings, April 1961.
"Solar Energy Used for Cooling, Refrigeration" E. A. Farber,
u. ·N. Conference Proceedings of New Sources of Energy,
August 1961.
"The Use of Solar Energy for Heating Water" E. A. Farber,
u. N. Conference Proceedings of New Sources of Energy,
August 196l;t
"Application de L'Energie Solaire Au Chauffage de L'Eau"
E. A. Farber, u. N. Conference on New Sources of Energy
Proceedings, August 196lc
"Emploi de L'Energie Solaire Pur La Refrigeration"
E. A. Farber, U~ N. Conference Proceedings on New Sources of
Energy, August 1961.
"Solar Radiation Data" E. A. Farber, Climatological Data,
National Summary, Published monthly by the u. s. Weather
Bureau, Department of Commerce, January through December
1962o
"L'Uso De l'Energia Solaire Per Il Riscaldamento Dell' Aqua"
E5 A. Farber, Ento Nazionale Idrocarburi, :a Scuola ~n
Azione, Estratto Dal Numero 14, San Dorato M ~ Lanese, Anno
Di Studi 1961-62, June 1962.
"Solar Radiation Data" E. A. Farber, ClimatologJ.cal Data,
National Summary, Published monthly by the u. s. Weather
Bureau, Department of Commerce, January through December
1963, Vol$ 14, No. 1-12.
"Sununary of the 1963 University of Florida Sola
Symposium" E, A, Farber, 10 pages, May 1963 .

Ene g

50

"A Brief History of u.s. Weather Bureau" (3p).
"Selective Absorption of Energy by Painted Metal Surfaces
When Irradiated by Artificial Sources" (3p).
"Theoretical Effective Reflectivities of Drapery Materials
as a Function of Geometric Configuration" (2 p).
"The .University of Florida- ASHRAE Solar Calorimeter" (2p).
"A New Method of Calculating Heat Gain Through Sun-Lit
Glass (2p).
-"Experimental Cooling" (3p).
"University of Florida Air-Conditioning Unit" (4p).
"CJrystals of High Temperature Materials Produced in the
Solar Furnace" (3p).
"A Double Compound Thermal Image Furnace for Continuous
Operation" (2p)~
"Photosynthesis" (3p).
"Performance of Single Effect Solar Stills" (2p).
"Multiple Effect Humidity Process" (2p).
"Basin Type Solar Stills" (2p).
"The Inclined Tray 'Sunagua' Solar Still" (lp).
"Theoretical Analysis of Solar Heat Gain Through Insulating
Glass with Inside Shading" E. A. Farber, w. A. Smith,
c e w. P·ennington I J. c. Reed I Annual Meeting Paper I The
American Society of Heating, Refrigerating and AirConditioning Engineers, June 1963.
"The University of Florida Solar Air Conditioning Unit"
E. A. Farber, Summary of the 1963 University of Florida
Solar Energy Symposium, May 1963.
"Theoretical Analysis of Solar Heat Gain Through Insulating Glass with Inside Shading" E. A. Farber, w. A. Smith,
Co w. Pennington, J~ c. Reed, ASHRAE Journal, American
Society of Heating, Refrigerating and Air Conditioning
Engineers, August 1963~
"Theoretical Analysis of Solar Heat Gain Through Insulat "ng
Glass with Inside Shading" E. A. Farber, et al.,
Transactions, The American Society of Heating, Refrigerating
and Air Conditioning Engineers, 1963.
"Theoretical Analysis of Solar Heat Gain Through Insulat~ng
Glass with Inside Shading" E. A. Farber, et al., TP 273,
Florida Engineering and Industrial Experiment Station,
November 1963e
"Theoretical Method for Determining the Apparent Radl.a "o
Properties for Materials in Sinusoidal Conf1guration"
E. A. Farber, P. Valandani, ASME Paper No. 63-WA-139,
November 19635
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"Solar Radiation Data" Eo Ao Farber, Climatological Data I
Nat1onal Summary, Published monthly by the u. s. Weather
Bureau, Department of Commerce, January through December
1964.
I

"Experimental Analysis of Solar Heat Gain Through Insulating
Glass with Indoo;- _Shading" Eo A. Farber, c. W. Pennington,
W. A. Smith, Jo C. Reed, American Society of Heating,
Refrigerating and Air Conditioning Engineers Paper,
January 1964.
"Solar Energy" Hans Ran; E. A. Farber Chapter 14, "The
Future of Solar Energy" Macmillan Company, New York, 1964.
"Experimental Analysis of Solar Heat Gain Through Insulating
Glass with Indoor Shading" E. A. Farber, et al., American
Society of Heating, Refrigerating and Air Conditioning
Engineers ASHRAE Journal, ... F.ebruary 1964.
"Experimental Analysis of Solar Heat Gain Through Insulating
Glass with Indoor Shading" Eo A. Farber, et al., Florida
Engineering and Industrial Experiment Station, Technical
Paper No. 281, Vol. XVIII, No. 4, April 1964.
"A 1/4 Horsepower Closed Cycle Solar Hot Air Engine"
Eo A. Farber, F. Lo Prescott, American Society of Mechanical
Engineers Paper 64-WA/Sol-5, November 1964.
"Solar Radiation Data" Eo A. Farber, Climatological Data,
National Summary, Published monthly by the u.s. Weather
Bureau, Department of Commerce, January through December
1965.
"A 1/3 Horsepower Closed Cycle Solar Hot Air Engine"
Ee A. Farber, Fo Lo Prescott, Proceedings of the 1965
Annual Meeting of the Solar Energy Society, March 1965.
"A 1/4 Horsepower Closed Cycle Solar Hot Air Engine"
E. A. Farber, Fo Lo Prescott, Technical Progress Report
Nco 14, Florida Engineering and Industrial Experiment
Station, Volo XIX, No. 7, July 1965.
"A 1/3 Horsepower Closed Cycle Solar Hot Air Engine"
E. A. Farber, F. L. Prescott, Florida Engineering and
Industrial Experiment Station, Technical Progress Report
No. 14, Vol. XIX, Nco 7, July 1965.
"Closed Cycle Hot Air Engines" E. A. Farber, F. L. Prescott,
Solar Energy, Journal of the Solar Science and Engineering,
Vol. IX, No. 4, October - December 1965.
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"The Direct Use of Solar Energy to Operate Refrigeration and
Air Conditioning Systems" Eo A. Farber, Proceedings of the
2nd Technical Congress, Colegio De Ingenieros, Arquitectos
Y Agrimensores De Puerto Rico, July 1965.
"The Direct Use of Solar Energy to Operate Refrigeration and
Air Conditioning_~ystems " Eo Ao Farber, Technical Progress
Report No. 15 1 E'lorida Engineering and Industrial Experiment Station, Vole XIX, Noo 11, November 1965o
"Solar Radiation Data" Ee Ao Farber, Climatological Data,
National Summary, Published monthly by the u. So Weather
Bureau 8 Department of Commerce, January through December
1966o
"Operation and Performance of the University of Florida
Solar Air Conditioning System" Eo A. Farber, et al., Solar
Energy, Journal of Solar Science and Engineering, Vol. X,
No. 2, April - June 1966o
"Solar Radiation Data" E. Ac Farber, Climatological Data,
National Summary, Published monthly by the u. s. Weather
Bureau, Department of Commerce, January through December
1967 .,
"Combining the Collector and Generator of a Solar Refrigeration System" Eo Ao Farber, et alo, American Society of
Mechanical Engineers, 76-WA/SOL-4, November 1967o
"Solar Radiation Data" E. Ao Farber, Climatological Data,
National Summary, Published monthly by the u. s. Weather
Bureau, Department of Commerce, January through December
1968o
"Solar Energy Conversion and Utilization" E. A. Farber,
The Nucleus, Quarterly Journal of the Pakistan Atomic Energy
Commission, Volo 5, Noso 1 & 2, January - June 1968.
"Hot-Air Engines" E. Ao Farber, Section contributed to the
7th Edition of the Standard Handbook for Mechanical
Engineers (Editors Baumeister & Marks), McGraw-Hill Book
Company, 1968.,
"Solar Power" E. Ao Farber , American Society of Mechanical
Engineers, Paper, December 1968o
"Solar Radiation Data" Eo A. Farber, Climatological Da a,
National summary, Published monthly by the u. s. Weather
Bureau, Department of Commerce, January through December
1969.
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"Solar Energy - Conversion and Utilization" E o A Farber,
Technical Paper No o 439, Florida Engineering and
Industrial Experiment Station 0 Vol o XXIII, Noe 7, July 1969 o
"Supercharged and Water Injected Sterling Engine"
Eo Ao Farber, American Society of Mechanical Eng1neers,
Paper Noo 69-WA/~QL-3, November 1969.
"Solar Radiation Data" Ee Ao Farber, Climatological Data,
National Summary, Published monthly by the u. S o Weather
Bureau, Department of Commerce, January through December
1970o
"Supercharged and Water Injected Solar Hot Air Engine"
Ee Ao Farber, Proceedings 1970 International Solar Energy
Conference, Melbourne, Australia 8 March 1970.
- "Design and Performance of a Compact Solar Refrigerat1on
System" E o Ao Farber, Proceedings 1970 International Solar
Energy Society Conference, Melbourne, Australia, March 1970.
"A Compact Solar Refrigeration System" E o Ao Farber, Paper
No. 70WA/SOL 4, American Society of Mechanical Eng1neers,
Annual Meeting, December 1970o
"Solar Radiation Data" Ee Ao Farber, Climatolog1cal Data,
National Summary, Published monthly by the Uo S o Weather
Bureau, Department of Commerce, January through December
197lo
"Solar Energy, Its Conversion and Utilization" E o A - Farber,
Proceedings, International Solar Energy Society Conference, May 1971. Also to be published in the International Solar
Energy Society Journal o
"Highlights of the 1971 International Solar Energy Soc1ety
Meeting" E~ A. Farberu ASME Paper #71-WA/SOL-6, Annual
Meeting of ASME 8 December 197l o
"The University of Florida Electric Automobile" E A Farber,
Ho Ro ~ o Schaeper, ASME Paper #71-WA-SOL-4 Annual Meet1ng of
· AsME, December 197l o
"Solar Radiation Data" E o A. Farber, Climatolog1cal Data,
National Summary, Published monthly by the u. So Weather
Bureau, Department of Commerce, January through December
1972o
"Solar Energy Conversion and Utilization" E. A
Building Systems Design, June 1972 ,
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"Solar Energy: Conversion and Utilization" E. A. Farber,
Proceedings, 21st Annual Air Conditioning Conference,
University of Florida, February 1972.
"Solar Energy Utilization: A Plan for Action" Prepared for
the Office of Science and Technology, Federal Council on
Science and Tech~glogy, Committee on Energy R&D Goals
prepared by the Solar Energy Panel (E. A. Farber, panel
member), July 1972.
"Solar Energy - The University of Florida Solar House"
E. A. Farber, Florida Magazine, March 26, 1972.
"The Sun: Heat Source of the Past. Power Source of the
Future" Doug Worth, Florida Engineer, October 1972
"The Solar Era - The University of Florida Electric"
H. R. A. Schaeper, Erich A. Farber, Mechanical Engineering,
November 1972.
"Solar Energy Conversion Research and Development at the
University of Florida Solar Energy and Energy Conversion
Laboratory" Dr. E. A. Farber, Reprint from the article in
Buildings System Design, June 1972.
"Solar Energy: Its Conversion and Utilization" ProceedJ.ngs
of the 1971 Dupont Environmental Engineering Seminar,
Bulletin Series 137, Engineering and Industrial Experiment
Station, December 1972.
"Solar Radiation Data" E. A. Farber, Climatological Data,
National Summary, Published monthly by the u. s. Weather
Bureau, Department of Commerce, January through December
1973.
"Energy - Resources and Utilization" E. A. Farber, Pro
ceedings of the 1973 City's Engineering Conference, Ma ch
1973.
"The Application of Solar Energy to Sewage Digestion a d
Liquid Waste Recycling" E o Ao Farber, the Institute of
Plumbing, Australia, March 1973 o
"Solar Energy" E. A. Farber, Proceedings of the Ame.rJ.can
Medical Association Congress on Environmental Health ,
April 1973.
"The university of Florida Solar Energy Laboratory"
E. A. Farber, Proceedings of the 1973 International So a r
Energy Society Meeting, Paris, France, July 1973.
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"The University of Florida Solar House" E. A. Farber, et alo,
Proceedings of the 1973 International Solar Energy Society
Meeting, Paris, France, July 1973.
"The University of Florida Solar-Electric Car" E. A. Farber,
et al., Proceedings of the International Solar Energy
Society Meeting, ~aris, France, July 1973.
"The Solar Heating of Swinuning Pools" E. A. Farber, et al ,
Proceedings of the International Solar Energy Society
Meeting, Paris, France, July 1973.
"Solar Powered V-2 Vapor Engine" E. A. Farber, et al.,
Proceedings of the International Solar Energy Society
Meeting, Paris, France, July 1973.
"Solar Energy · - Its Conversion and Utilization" E. A. Farber,
Space for Mankinds Benefit, National Aeronautics and Space
Administration, January 1973s

APPENDIX B
STRUCTURES UTILIZING SOLAR ENERGY

This appendix contains a brief summary of a variety
of structures utilizing various solar energy concepts.
A series of experiments devised at the Massachusetts
Institute of Technology led to the successive development of
four solar-heated structures, the last of which was located
at Lexington, Massachusetts&

The building was a carefully

engineered and instrumented system using solar water heaters
and water storageo
carry about
loads [22]

The solar heating system was designed to

two~thirds

of the total winter heating

e

Gc Oe Ge Lof designed air heating systems using

pebble bed exchartgers for energy storage.

He has studied

the characteristics of these storage systems and designed
and built near Denver, Colorado, a residence in which he has
lived for the past 15 years using these concepts [22].
Another approach to solar heating has been to use an
·uncovered, nearly horizontal, water heating solar collector
as the roof of a buildingo

The uncovered collector serves

as a radiator to reject heat to the clear night sky,
providing some cooling in appropriate climates.
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designed and built such a system in Tucson, Arizona, using a
heat pump to augment the gains from the collector during the
heating season and the cooling capacity of the radiator
during the air-cqQditioning season [22].
An

experimental house in Delaware, Maryland, uses a

combination of cadmium sulphide photovoltaic arrays and flat
plate collectors.

The electric power generated by the solar

arrays is passed to an electrochemical storage system to be
held in reserve until need or used directly in the house.
Air is circulated behind the solar collectors, and the
latent heat is stored in tubes containing fused salts which
have melting points of about l0°C (50°F), 24°C (75°F), and
50°C (120°F)o

During the heating season, air from the

interior is circulated through the 50°C salt and extracts
the heat of fusion from the salt as it freezese

During the

cooling season, the 50°C salt can be used with a heat pump
to freeze the l0°C salt and air-condition the residence [23].
In Phoenix, Arizona, an air-conditioning system
using solar radiation as a heat source and the atmosphere as
a heat sink has been tested for an entire year.

A movable

insulated roof permits water ponds in thermal contact with a
metallic ceiling, to absorb and retain solar heat in the
winter and dissipate summer heat to the night sky.

W1th

ambient temperatures ranging from freezing to 115°F, the

58
system maintained room temperature between 68°F and 82°F for
an entire year without supplementary heating or cooling [24].
A residence in Washington, D.
its winter heat

s~pplied

c.,

has 83 percent of

by solar collectors on the roofo

Inside them, water flows over corrugated aluminum roofing
absorbing the heat from the sun and flowing through a
system of pipes that takes it through the heating units in
the house, or, when it is not needed, into a 1,600-gallon
insulated storage tank [25].
An office building in Lincoln, Massachusetts, is
expected to have a heating load range of from 260 to 360 BTU
per hour, a cooling load range of from 17 to 26 tons of airconditioning, and hot water demands of up to 100 gallons per
dayo

To supply- these needs, the building will use a

standard two-pane absorber flat-plate collector of 3,500
square feet with water as the storage medium and a 7,500gallon

ho~/cold

storage tank {insulated).

The air-

conditioner is an ARKLA Li Br 15-ton absorption unit.

The

air-conditioner is expected to supply a significant portion
{unknown) of the cooling load and is backed up by a 7.5-ton
electrical auxiliary unit.

The solar heater has two-day

storage for the winter, is backed up by a 220,000-BTU per
hour furnace, and is expected to supply 60 to 75 percent of
the annual heating load.
from the solar unit [3]o

All hot water will be supplied

APPENDIX C

N-SF /RANN PROGRAM ON ENERGY

In the field of photovoltaics, the major act1vity
concentrates around the use of silicon and cadmium sulphide
as the prime materials for solar cell arrayse

The objective

is to reduce the size of the wafer by growing thin ribbons
of silicon 6 or alternatively, thin films of the material,
either of which must be capable of being mass produced.
Another possibility is the use of concentrators to mass
produce silicon materials for solar cellse
1s

Cadmium sulphide

by itself a thin material and has the potential to become

a- very low cost material if mass production can be
achieved [lS]o
Texas Instruments and Southern Methodist University
are teamed to investigate the fabrication of polycrystalline silicon thin film cells on a continuous basiso

Tyee

Laboratories and Harvard University are investigat1ng the
production of continuous ribbons of single crystal sil1con
for solar cellsc

The University of Delaware is try1ng to

improve CdSjcu 2s solar cells.

Boston College is study1ng

low cost polycrystalline silicon photovoltaic cells for
large solar power systems [lS]o
59

60
In the field of solar thermal energy, the University
of Minnesota and Honeywell are performing system studies and
research on parabolic trough solar energy collectors.
University of

Hou~~on

The

and McDonnell Douglas are assessing

the economic feasibility of a system in which radiation from
the sun is reflected from a large array of mirrors to an
absorber unit mounted in a central tower that contains power
generators o

The University of Arizona is investigating the

conversion of solar energy into thermal radiation through
the use of

radiation~selective

coatings.

The thermal energy

produced is then used to generate bulk electrical power [15] .

APPENDIX D
SOLAR INDUSTRY IN FLORIDA
The following is a compendium of firms which manufacture, are researching, and/or installing solar devices in
Florida .)
Firm

Area

Beutel's Solar Heater, !nc o
1527 North Miami Avenue
Miami, Florida

Make and install solar
water heaters

Robbins We R. & Son Roof
1401 NoWo 20th Street
Miami, Florida

Make and install solar
water heaters

Solar Water Heater
9951 SoWo 38th Street
Miami, Florida

Make and install solar
water heaters

Youngblood Company, !nco
1085 NoWo 36th Street
Miami, Florida

Make and install solar
water heaters

McDonald Window Sales & Service
3003 NoEo 19th Drive
Gainesville, Florida

Make and install solar
water heaters

Pyramid Plumbing, !nco
1708 s. Congress
West Palm Beach, Florida

Make and install solar
water heaters

Wileen Corporation
Ocala, Florida

Make and install solar
water heaters

Solar Tech
Lakeland, Florida

Make and install solar
water heaters
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Firm
CSI Solar Systems Division
North Tamiami Trail
North Fort Myers, Florida

Area
Make and install solar
water heaters

Galaxy Swimming Pppls
304 Nesbit Street
Punta Gorda, Florida

Make and install solar
water heaters

Roy Mo Albert, Inc.
Po Oo Box 10981
Sto Petersburg, Florida

Make and install solar
water heaters

Solar Structures, Inc.
119 Arctuas Avenue
Clearwater, Florida

Solar water heaters and
cooling

Solar Power Corporation
Route 4
Port Richey, Florida

Solar water heaters and
and cooling

Wilcox Corporation
P~nellas Park, Florida

Solar air-conditioning
and heating
refrigeration

Vantage Solar Corporation
Po Oo Box 1773
Winter Park, Florida

Solar air-conditioning
and heating
refrigeration

So So Gasket Company
4939 Distribution Drive
Tampa, Florida

Manufactures parts for
firms in the solar
energy field

APPENDIX E
CALCULATIONS
The energy for heating and cooling in 1990 minus the
energy for heating and cooling in 1980 (Table 8, page 38)
gives the growth of energy between 1980 and 1990:
31.80 quads
-22.00 quads
9.80 quads
This energy growth is due to new construction.
Ten percent of the new construction uses solar
energye

Therefore, 9o80 times 0.10 (Table 9, page 40) or

Oo980 quads of solar energy would be used if solar energy
supplied 100 percent of the heating and cooling needs.
But, solar energy supplies only 75 percent of the
energy needed for heating and cooling; therefore, 0.980
times Os75 or 0.735 quads of energy could be supplied by
solar energy.
Thus, Oo735/31.8 or 2.31 percent of the heat1ng and
cooling needs can be supplied by solar energy.

And,

0.735/127 or Oo58 percent of total energy consumption can be
supplied by solar energy.
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For the period from 1990 to 2000, the type calculation is the same as above except that the energy due to
solar power from the previous decade (0.735 quads) must be
added to the

sol~~

energy totale

The energy for heating and cooling in 2000 minus the
energy for heating and cooling in 1990 (Table 8) gives the
growth of energy between 1990 and 2000:
38.50 quads
-31~80 quads
6o70 quads

This time 25 percent of the new construct1on uses
solar

energy ~

Therefore, 6e70 times Oe25 (Table 9) or

1.675 quads could be produced.

Since the process 1s only

75 percent efficient, 1.675 times 0.75 or 1.256 quads of
solar energy will really be produced.
Thus,

(Oo735 + lo256)/38e50 or 5.17 percent of the

heating and cooling energy or (O o735 + 1.256)/175 or 1 14
percent of the total energy needs could be supplied by solar
energy in that time period.
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